Abundance Patterns in the Spiral Galaxy Messier 33 by Siemer, Melissa A & Sankrit, Ravi
www.nasa.gov 
National Aeronautics and Space Administration 
Melissa Siemer1, Ravi Sankrit2 
1STEM Teacher and Researcher Program, 2SOFIA Science Center 
This material is based upon work supported by the S.D. Bechtel, Jr. Foundation, National Marine Sanctuary Foundation, Carnegie Corporation of New York, and/or 
National Science Foundation under Grant Nos. 0952013 and 0833353. Any opinions, findings, and conclusions or recommendations expressed in this material are 
those of the authors and do not necessarily reflect the views of the funders. 
The STAR program is administered by the Cal Poly Center for Excellence in Science and Mathematics Education (CESaME) on behalf of the California State University. 
BACKGROUND 
 
Messier 33 (M33) is a spiral disk galaxy, similar to our 
galaxy, approximately 3 million light-years from Earth. 
Because of its proximity to Earth and face-on viewing 
angle, M33 is in an ideal position for obtaining data on 
elemental abundances. By studying the objects of M33 
(Planetary Nebulae and HII Regions), we can learn how 
galaxies like our own form and change over time. 
   Planetary Nebulae (PNe) are formed 
   when stars in their final stage of  
   evolution eject gas, which is  
   then ionized by the central star,  
   forming an expanding shell. 
    
    
 METHODS  
 
We gathered data from Magrini (2009) and Magrini (2010) on 
optical spectroscopy of objects in M33. We assembled data 
sets comprised of locations and abundances available for 
each object in M33. We made graphical overlays to partition 
the objects according to star-forming regions, taken from 
Bastian (2007), spiral arm locations, taken from Sandage 
(1980), and azimuthal sectors. We plotted the abundances 
against each other finding least squares regression lines and 
correlation coefficients for each pair. 
R was used for the data manipulation and for creating the 
plots and maps. 
Gimp was used to create the overlays 
 OBJECTIVE  
 
In this project we aim to: 
 
Describe the distribution of elemental abundances of M33. 
Investigate correlations among different abundances and 
between abundances and emission line strengths for 
planetary nebulae and HII regions 
OVERLAYS 
 
ABUNDANCE MAPS (PNe) 
 
NGC 604 – HII Region 
NEXT STEPS 
We will use the overlays on the abundance 
maps to separate the PNe into groups and 
compare the abundances in each group. 
We will use the same processes to describe 
the abundance distributions of HII Regions 
within M33. 
We will use the same processes to describe 






in our Galaxy 
HII Regions are formed when hot stars 
produce radiation that ionizes the 
Interstellar Medium - “HII” refers to the 
fact that the hydrogen is ionized. 
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Thank you to Peter Sullivan for making astronomical concepts more clear. 
Thank you to the SOFIA team for support along such a steep learning curve. 
Thank you to Chris DeSouza for all of the tech help. 





































































Oxygen vs. Neon Oxygen vs. Nitrogen 







































 Nitrogen Helium 
Argon 
12+log(Ne/H) = .99(12+log(O/H)) - .712 12+log(N/H) = 1.241(12+log(O/H)) – 2.528 
12+log(Ar/H) = .6204(12+log(O/H)) + .8973 
r = .81 r = .67 
 Neon  Sulfur 
r = .65 r = .32 
 Oxygen Max 
Min 
Min:   .032 
Max:  .289 
Min:  6.99E-6 
Max: 9.02E-4 
Min:  1.07E-5 
Max: 1.99E-4 
Min:  1.67E-6 
Max: 1.37E-5 
Min:  3.35E-5 
Max: 8.36E-4 
Min:  1.19E-7 
Max: 3.16E-6 
5.74 ly 
1520 ly 
